A greenhouse experiment was carried out to assess the effectiveness of commercial microbial consortium (MC) and the addition of pig slurry (PS) on the growth of L. perenne and the enhancement of soil properties. The combined treatment of microbial consortium and pig slurry (MC+PS) was the most effective in terms of root dry weight compared to the control plants, reaching a 14-fold and 4-fold increase in Quillón and Florida soils, respectively, while the pig slurry and the combined MC+PS treatments resulted in a 4-fold increase in shoot dry weight. Values of available nitrogen, phosphorus and potassium content in both soils were higher than the nonamended soils. Foliar levels of N, P and K increased with the use of pig slurry and MC+PS, but not with the use of microbial consortium alone. The combined treatment of microbial consortium and pig slurry also enhanced the chemical quality of the soil and nutrient uptake by L. perenne. The application of beneficial microorganisms to the soil can enhance nutrient uptake and increase the efficiency of organic amendments. In this regard, the combined use of microbial consortium and pig slurry has a potential role in the development of sustainable systems for grassland production.
Introduction
Plant growth and yield crop production are affected by different parameters, including soil, plant, and climate properties. Plants require nutrients for their optimal growth and production. Chemical fertilization, which is one of the methods of enhancing nutrient quantity and availability for plant utilization, is a fast way of providing plant with the necessary nutrients (Miransari, 2011) . The use of chemical fertilizers to improve soil quality and crop production can often result in leaching and runoff of nutrients, especially nitrogen (N), phosphorus (P) and potassium (K), leading to environmental degradation. The low use efficiency of fertilizers and their continuous longterm use can account for this situation (Adesemoye Microbial consortium and pig slurry improve soil properties and Kloepper, 2009 ). Different studies have been conducted in order to improve the use efficiency of fertilizers, including the use of beneficial soil microorganisms. In fact, the use of microorganisms has a potential role in developing sustainable systems for crop production (Dodd and Ruiz-Lozano, 2012) .
Bacteria, fungi and actinomycetes are an important part of the soil microbiota, which are known for their ability to promote biological nitrogen fixation and phosphate solubilization, increase the root surface area and improve plant growth (Shahid et al., 2012) .
Bacillus sp. and Enterobacter sp. may enhance plant growth by improving the supply of nutrients of low mobility in the soil, such as phosphorous. Thus, microbial inoculation may have a potential role in the establishment of plant species in degraded lands .
The use of organic waste material not only increases fertility of soils, but also contributes to the palliation of environmental and economical inconveniences related to waste disposal .
Pig slurry is a valuable fertilizer for crop production (Antezana et al., 2016) and its application as a fertilizer is a cost-effective alternative that can enhance plant growth and reduce mineral fertilizer application (Belota et al., 2014) .
Some recent studies showed the beneficial effects of the application of organic amendments in combination with inoculated bacteria, for example, olive-mill waste and sugar beet residue. The beneficial effects on soil physicochemical properties due to the increased proliferation and development of natural populations of soil microbiota have also been described in the literature . The main objective of this study is to assess the effect of pig slurry and microbial consortium consisting of bacteria, fungi and actinomycetes on two different types of degraded soils, also evaluating the effect on ryegrass growth and nutrient uptake under greenhouse conditions. We hypothesize that the effect of the application of microbial consortium and pig slurry into the soil can effectively improve chemical soil properties and nutrient availability, principally of nitrogen, phosphorous and potassium. This change on degraded soil properties could then affect root development, foliar nutrient uptake and ryegrass performance.
Materials and Methods

Soils
The soils used on the experiments were obtained from agricultural fields located in the Bío Bío Region, in the central-southern zone of Chile. The main characteristics of the soils are described in Table 1. Sandy loam soil was collected in Florida (36°49′00″ S; 72°40′00″ W) and clay soil was collected in Quillón (36°44′40″ S; 72°28′36″ W). The soils were obtained up to 20 cm of depth and were classified as fine, kaolinitic, thermic UlticPalexeralf (Cauquenes Series), derived from granitic materials, with moderate permeability, moderate drainage and rapid run-off (Quezada et al., 2014) . Schoebitz et al. (Chartier et al., 2014) . evaluated by specific kits of NOVA-60 spectroquant.
Microbial consortium and pig slurry application
Additionally, potentiometric parameters (pH, electric conductivity) were measured with a portable Oakton PC650 machine. The analytical characteristics of pig slurry were characterized prior to application to the soil (Table 3) . 
Experimental design
A complete aleatorized factorial assay was established The treatments 5-8 were performed same as treatments 1-4, but using the Florida soil as substrate for the plants.
Greenhouse experiment
The air-dried soil and sludge were sieved in a 2 mm perenne was harvested 59 days after inoculation and growth parameters were measured. Forty pots were evaluated in this experiment and soil water content in the pots was maintained at 70-80% of field capacity throughout the experiment.
Plant and soil analyses
Shoot and root dry weights were determined in order to evaluate the response to microbial consortium inoculation and pig slurry application. Measurements were made at 70 °C for 24 h and recorded before the chemical analysis. The foliar concentrations of N, P and K were determined according to the method described by Sadzawka et al (2005) . Schoebitz et al.
Soil pH was measured in a 1:2.5 (w/v) aqueous solution. Available nitrogen (NO 3 and NH 4 ), available phosphorus (P), extractable potassium (K) and organic matter (%) were determined according to proposed by Sadzawka et al. (2006) .
Statistical analysis
The effects on plants and soil of the organic amendment, the microbial inoculation, and the combination of MC+PS were analyzed by a oneway ANOVA, while a post-hoc mean separation was performed by Duncan's multiple range test at P ≤ 0.05 using the SPSS software.
Results
3.1.Effects of the inoculation with microbial consortium and pig slurry on the growth of L. perenne.
Growth parameters were measured two months after sowing in the three treatments: microbial consortium (MC), pig slurry (PS) and the combined application of microbial consortium and pig slurry (MC+PS). Root dry weights were evaluated in the Quillón and Florida soils. Table 4 shows an increase in the root/shoot ratio in Quillón soils and statistically significant differences (>0.05) in root dry weight inoculated with MC, PS and MC+PS treatments (742%, 833% and 1440%, respectively).
In Florida soils, the pig slurry treatment resulted in an increase in root dry weight, reaching levels 229% higher than the control (Table 4) (Table 4) . Similarly, the MC+PS treatment resulted in an increase in shoot dry weight, with values 491% and 553% higher than the control in the Quillón and Florida soils, respectively. Microbial consortium treatment had no significant effect on shoot biomass compared to the control plants.
Soil chemical analyses
A significant decrease in the rhizosphere soil pH was observed with the pig slurry and MC+PS treatments.
The microbial consortium, pig slurry and MC+PS did not increase the total organic matter in the soil.
The pig slurry and MC+PS treatments significantly increased the available N in the rhizosphere soil in both Quillón and Florida soils.
A significant increase in the available P in the rhizosphere soil was observed in the pig slurry and MC+PS treatments. The available P content in Quillón soils mediated by the pig slurry and MC+PS treatments were about 2-fold higher with respect to the control plants. In Florida soil, the available P increased in the pig slurry treatment reaching a value that was 311% higher than the control, while the MC+PS treatment also recorded an increase that was 211%
higher. Regarding the factorial analysis, both the pig slurry applications and the soil type were significant (Table 7) . Extractable K content in the Quillón soil showed a statistically significant difference (<0.05), with a 138% increase for the pig slurry and a 140%
increase for the MC+PS treatment. Extractable K in the Florida soil significantly increased in the pig slurry and MC+PS treatments (Table 5) . Thus, the greatest increases in response to the application of pig slurry and soil type were observed in the soil extractable K content (Table 7) . 
Nutrients plant uptake
both soils in the pig slurry and MC+PS treatments. The total K concentration in shoot sincreased significantly in the pig slurry and MC+PS treatments (a 3-fold increase with respect to the control) in the Quillón soil.
Similarly, a significant increase was observed with the pig slurry treatment in the Florida soil, reaching a 9 and 11-fold increase respect to the control plants. The pig slurry treatment presented a significant increase in N, P and K plant uptake (Table 7) .
Microbial consortium treatments showed no significant effects on the shoot N, P and K content (Table 6 ).
However, total N concentration in the plants in the
Quillón soil had a significant increase with the addition of pig slurry (an 11-fold increase with respect to the control) and the MC+PS treatment (a 13-fold increase).
In the Florida soil, N plant uptake showed a significant increase with the use of pig slurry and MC+PS, reaching values that were 11 and 15-fold higher than the control, respectively. The total P content increased in 
Discussion
Under the assayed conditions, the combined pig promotion (Khan et al., 2009; Thilagar et al., 2016) .
It is well documented that soil microorganisms exert a beneficial effect on plant growth and many different microorganisms have been commercialized to be used in agriculture (Bashan et al. 2014) . Besides, the development of a plant-growth-promoting consortium could be a feasible strategy for increased activity and better viability of plant-growth-promoting rhizobacteria and fungi (Singh et al., 2010; Chauhan and Bagyaraj 2015) . When these strains are made into an inocula consortium, each of the constituent strains of the consortium not only competes with the others for rhizospheric establishment, but it is also functionally complementary for plant growth promotion.
Depending on the strain combination, microbial interactions within these consortia have positive or negative effects on inoculant establishment on roots and may result or not in enhanced plant growth in comparison with single inoculations (Couillerot et al., 2013) . According to Jhaand Saraf , root and shoot biomass were maximized with microbial consortium compared to the untreated control and individual trials of microorganisms. A study conducted by Walker et al. (2012) showed that the inoculation of Azospirillum fungi and actinomycetes inoculated into the soil were able to fix N 2 . The application of amendments and microorganisms has been used to increase nutrient availability in the soil and improve plant growth and nutrient uptake . However, we observed a significant increase on N soil content when the MC+PS treatment was applied in the Quillón soil, suggesting than the high clay level (41.4%) adsorbed more amount of NH 4 + than the Florida soil (19.7%).
This may be attributable to the fact that clay particles generally have a negative (-) charge, so they attract and hold positively (+) charged nutrients and no-nutrients.
However, soil organic matter has negative charge so it can hold cations, but no significant differences were found in the soils under study in terms of organic matter content after 59 days of experiment.
In our experiment, available P in the rhizosphere soil increased with the use of the pig slurry and the MC+PS treatments, which leads to assume that the inoculated microorganisms were able to solubilize P from both the soil and the applied organic residue.
In fact, soil microflora is able to excrete organic acids and/or enzymes involved in the P cycle, which increases the concentration of P in rhizosphere soil (Vassilev et al., 2006) .
Both the pig slurry and the MC+PS treatments increased the extractable K content in the rhizosphere soil with respect to the control, due to the mobilization of K by soil microorganisms. Since the microbial inoculant treatments helped plants to compensate for deficiencies of immobile nutrients, the application of MC+PS with microorganisms can be considered as an effective tool for the development of biofertilizers that could partially substitute chemical fertilization.
In this regard, the introduction of a microbial inoculant can improve nutrient availability to plants and thereby increase the efficiency of applied manures (Adesemoye and Kloepper, 2009 ). However, no significant increase was observed in terms of organic matter in any of the soils under study, which suggests that the introduced microbiota presented a lower biological activity to degrade pig slurry in two months. Besides, the input of organic matter to soil through pig slurry is relatively low compared to other manure categories due to the relatively small content of organic carbon and the labile nature of the organic compounds (Antezana et al., 2016; Fangueiro et al., 2012) .
Our results are in agreement with those found by other authors, who reported that the use of organic amendments had a pronounced beneficial effect on nutrients uptake conditions (Belota et al., 2014; Mengual et al., 2014) . In our experiment with L.
perenne, pig slurry and MC+PS increased the total N, P and K content in shoots. Higher P and K uptake may be attributable to the increase on root biomass and the mobilization of nutrients from soil because of the secretion of organic acids mediated by soil microorganisms (Basak and Biswas 2010) and also to the addition of the pig slurry due to the N, P and K amounts incorporated with the amendment. Similar results were reported by Caravaca et al. (2003) , who conducted an experiment adding organic amendment to soil and reported an increase of plant nutrient content (NPK) after the organic residue addition.
Conclusions
The microbial inoculation and pig slurry application of the L. perenne increased the performance of plants, even more when the microbial inoculation and pig slurry were applied separately. When considering the improvement of nutrients, the treatments that included pig slurry were the most effective and resulted in a significant increase in N available, P available, K extractable in both soils, while nutrient uptake by plants also increased. However, microbial consortium applied alone failed to increase soil chemical properties and nutrient uptake. Therefore, the application of the MC+PS treatment seems to be the most suitable tool to aid in the performance of L.
perenne and soil quality in degraded soils.
